Objective-Leukocyte recruitment to the site of inflammation is a key event in a variety of cardiovascular pathologies.
L eukocyte recruitment from the microvasculature to the site of inflammation is a hallmark in a variety of cardiovascular pathologies. Infiltrating neutrophils constitute the first line of defense against the loss of tissue integrity and invading pathogens, which precedes a second wave of emigrating inflammatory monocytes reinforcing the inflammatory reaction. 1 To reach the site of inflammation, leukocytes roll on the luminal surface of inflamed microvascular endothelial cells before they stabilize their interactions with the endothelium and crawl inside the microvessels to suitable sites for extravasation. Subsequently, leukocytes squeeze between gaps of endothelial cells, penetrate the perivenular basement membrane, and undergo subendothelial migration to gaps between pericytes, from where these inflammatory cells finally enter the interstitial tissue. [2] [3] [4] [5] [6] Whereas the basic principles of this process have been characterized in the past decades, the mechanisms controlling the recruitment of distinct leukocyte subpopulations remained poorly understood.
In vitro studies suggested that the recruitment of distinct leukocyte subsets is mediated by distinct classes of chemokines: C-X-C motif chemokines have been supposed to support the migration of neutrophils, whereas C-C motif chemokines have been thought to primarily attract monocytes. 7, 8 Recent in vivo studies, however, clearly indicate that C-C motif chemokines promote the extravasation of both neutrophils and monocytes [9] [10] [11] [12] [13] [14] pointing to a more complex regulation of the recruitment process of specific leukocyte subsets. The mechanisms initiating the individual extravasation cascades of neutrophils and inflammatory monocytes are still unknown.
Selectins represent a family of 3 closely related carbohydratebinding proteins. L-selectin/CD62L is constitutively expressed on leukocytes, whereas E-selectin/CD62E is synthesized de novo in activated endothelial cells. In contrast, preformed P-selectin/ CD62P is rapidly translocated to the surface of platelets and endothelial cells on cell activation. Through transient, reversible, adhesive interactions with different binding partners (eg, P-selectin glycoprotein ligand-1 [PSGL-1/CD162] and CD44), selectins have been reported to regulate the initial attachment of leukocytes to the inflamed endothelium and to promote the subsequent activation of these immune cells. 14 We therefore hypothesized that these adhesion and signaling molecules play a critical role for the initiation of subtype-specific leukocyte responses.
Here, we report that the complex spatiotemporal expression dynamics of selectins govern the sequential extravasation of neutrophils and inflammatory monocytes in the acute inflammatory response: whereas constitutively expressed leukocyte L-selectin/CD62L and endothelial P-selectin/CD62P together with their interaction partners PSGL-1/CD162 and CD44 initiate the migration of neutrophils to the site of inflammation, de novo synthesis of endothelial E-selectin/CD62E results in the delayed secondary recruitment of inflammatory monocytes. Consistent with the individual expression patterns of P-selectin/CD62P and E-selectin/CD62E in the inflamed microvasculature, neutrophils and monocytes use different sites for their initial interactions with endothelial cells, thereby coordinating the intraluminal trafficking of these leukocyte subsets to common sites of transendothelial migration. In this context, P-selectin/CD62P and L-selectin/ CD62L together with PSGL-1/CD162 and CD44 were found to regulate the flux of rolling neutrophils and inflammatory monocytes, whereas E-selectin/CD62E selectively adjusts the rolling velocity of inflammatory monocytes. Moreover, we demonstrate that selectins and their interaction partners PSGL-1/CD162 and CD44 differentially control the intraluminal crawling behavior of neutrophils and inflammatory monocytes collectively enabling the sequential extravasation of these immune cells to the inflamed tissue. Our experimental data provide novel insights into the subtype-specific mechanisms underlying the leukocyte recruitment process uncovering previously unappreciated functions of selectins in the extravasation cascade of these immune cells.
Materials and Methods
Materials and Methods are available in the online-only Data Supplement.
Results

Effect of Different Chemokines and Cytokines on the Recruitment of Myeloid Leukocytes
In a first set of experiments, we sought to establish an experimental model that enables us to analyze the sequential recruitment of neutrophils and monocytes in the acute inflammatory response. Using flow cytometry, the effect of a C-C motif chemokine (CCL2/monocyte chemoattractant protein-1), C-X-C motif chemokine (CXCL1/KC), and different cytokines (interleukin-1β and tumor necrosis factor [TNF]-α) on the recruitment of different myeloid leukocyte subsets to the peritoneal cavity was characterized. On 6 hours of intraperitoneal stimulation with CCL2, CXCL1, interleukin-1β, or TNF-α, there was a significant, comparable increase in numbers of total leukocytes recruited to the peritoneal cavity when compared with PBS-treated control mice (data not shown). The number of resident monocytes (CD45 + CD11b + GR-1 low CD115 high F4/80 − cells) in the peritoneal lavage fluid was not significantly altered by stimulation with CCL2, CXCL1, interleukin-1β, or TNF-α ( Figure IA in the online-only Data Supplement). Whereas all of these inflammatory stimuli potently induced extravasation of neutrophils (CD45 + CD11b + GR-1 high CD115 low F4/80 − cells; Figure IB in the online-only Data Supplement) to the peritoneal cavity, only stimulation with CCL2 leads to a concomitant extravasation of inflammatory monocytes (CD45 + CD11b + GR-1 high CD115 high F4/80 − cells; Figure IC in the online-only Data Supplement).
In line with our results, the C-C motif chemokine CCL2 has previously been reported to be critically involved in the recruitment of neutrophils and monocytes (>80% reduction on blockade of CCL2 or its receptor CCR2) in experimental ischemia reperfusion injury or sepsis. 15, 16 In this context, CCL2 is known to attract both immune cell populations by mast celldependent activation of endothelial cells, whereas cytokines (eg, TNF-α) or lipid mediators (eg, platelet-activating factor, leukotriene B 4 ) are thought to directly activate neutrophils downstream of C-C motif chemokine engagement. 11, 17 With respect to these previous reports and our present findings, the C-C motif chemokine CCL2 was used as an inflammatory stimulus in further experiments.
Expression Profiles of L-Selectin/CD62L, PSGL-1/ CD162, and CD44 in Myeloid Leukocyte Subsets
In a further set of in vitro experiments, we evaluated the expression patterns of L-selectin/CD62L, PSGL-1/ CD162, and CD44 in different myeloid leukocyte subsets ( Figure 1A ). Using confocal microscopy and flow cytometry, these proteins were found to be constitutively expressed by neutrophils and resident/inflammatory monocytes. PSGL-1/CD162 showed the highest surface expression on these immune cells, whereas expression of L-selectin/ CD62L and CD44 on these leukocytes was relatively low. In detail, the surface expression levels of L-selectin/CD62L were higher on neutrophils than on inflammatory or resident monocytes, whereas surface expression levels of CD44 and PSGL-1/CD162 were more pronounced on inflammatory monocytes than on neutrophils or resident monocytes. On cell activation, the surface expression of L-selectin/ CD62L was significantly diminished in neutrophils and resident/inflammatory monocytes, whereas surface expression of PSGL-1/CD162 was only significantly reduced in neutrophils.
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Expression Profiles of P-Selectin/CD62P, E-Selectin/CD62E, PSGL-1/CD162, and CD44 in the Microvasculature
To further characterize the expression profiles of P-selectin/ CD62P, E-selectin/CD62E, PSGL-1/CD162, and CD44 in the microvasculature, tissue RNA expression of these adhesion and signaling molecules was analyzed by quantitative real-time reverse transcription polymerase chain reaction. Whereas RNA expression of E-selectin/CD62E (which is only expressed by endothelial cells) immediately increased on stimulation with CCL2, RNA levels of P-selectin/CD62P, PSGL-1/CD162, and CD44 were only slightly enhanced ( Figure 1B) . To characterize the expression of these adhesion and signaling molecules in more detail, immunostaining and confocal microscopy were performed on cremasteric tissue whole mounts ( Figure 1C ). In the unstimulated microvasculature, expression levels of P-selectin/CD62P and E-selectin/CD62E, as well as of PSGL-1/CD162 and CD44, on microvascular endothelial cells were low. On stimulation with CCL2, however, expression levels of these proteins significantly increased. Most interestingly, the expression of E-selectin/CD62E was strictly localized to platelet endothelial cell adhesion molecule-1/CD31 + endothelial junctions, whereas P-selectin/ CD62P, PSGL-1/CD162, and CD44 were broadly distributed over the entire endothelial surface.
Role of Selectins and Their Interaction Partners PSGL-1/CD162 and CD44 for CCL2-Elicited Recruitment of Neutrophils and Monocytes
As outlined above, intraperitoneal stimulation with CCL2 induced a significant increase in numbers of neutrophils (CD45 + CD11b + GR-1 high CD115 low F4/80 − cells) and inflammatory monocytes (CD45 + CD11b + GR-1 high CD115 high F4/80 − cells) extravasated to the peritoneal cavity when compared with PBS-treated control mice (Figure 2A ) but did not significantly alter the number of resident monocytes (CD45 + CD11b + GR-1 low CD115 high F4/80 − cells) in the peritoneal lavage fluid. Next, we analyzed the functional relevance of selectins and their interaction partners PSGL-1/CD162 and CD44 for the recruitment of different myeloid leukocyte subsets. Whereas antibody blockade of L-selectin/CD62L, PSGL-1/CD162, or CD44 significantly reduced the migration of neutrophils and inflammatory monocytes to the peritoneal cavity, blockade of P-selectin/CD62P almost completely abolished these CCL2-dependent leukocyte responses ( Figure 2B and 2C) .
In contrast, antibody blockade of E-selectin/CD62E (using monoclonal antibodies (mAbs) directed against the consensus repeat region [clone 10E9.6; Figure 2B and 2C] or the lectin and epidermal growth factor-like domains [clone 9A9; Figure  IIA and IIB in the online-only Data Supplement] of murine E-selectin) selectively diminished extravasation of inflammatory monocytes without significantly affecting the recruitment of neutrophils.
In addition, we characterized the role of neutrophils and platelets for the CCL2-elicited recruitment of different myeloid leukocyte subsets. Depletion of neutrophils did not significantly change the number of inflammatory monocytes migrated to the peritoneal cavity ( Figure 2D ). Furthermore, extravasation of neutrophils and inflammatory monocytes was not significantly altered on depletion of platelets. Depletion of neutrophils and platelets was verified in the peripheral blood by flow cytometry (data not shown).
Individual Characteristics of Intravascular Interactions of Neutrophils and Monocytes With Inflamed Endothelial Cells
To study the mechanisms underlying the recruitment of neutrophils and inflammatory monocytes in more detail, we used in vivo microscopy on the cremaster muscle of CX 3 CR-1 GFP/+ mice exhibiting fluorescence-labeled monocytes/macrophages. Combining transillumination (for the detection of total leukocytes) and fluorescence (for the detection of monocytes) in vivo microscopy, we were able to distinguish GFP neg cells (representing neutrophils), GFP high cells (representing resident monocytes), and GFP low cells (representing inflammatory monocytes; Figure 3A and 3B). Over 98% of rolling or firmly adherent total leukocytes were positive for CD11b (representing leukocytes of myeloid origin; Figure 3A and 3B). In PBS-treated control animals, resident monocytes patrolled inside the microvasculature, whereas only few intravascularly rolling, firmly adherent, intraluminally crawling, and transmigrated neutrophils and inflammatory monocytes were observed. On stimulation with CCL2, however, the number of firmly adherent, intraluminally crawling, and transmigrated neutrophils immediately increased, whereas the responses of inflammatory monocytes were delayed by 120 minutes. In contrast, intravascular endothelial cell interactions of resident monocytes remained largely unchanged on onset of stimulation with CCL2 ( Figure 3C) .
In a next step, the interaction sites of different myeloid leukocyte subsets with endothelial cells were analyzed. Using in vivo microscopy, monocytes were found to almost exclusively roll along platelet endothelial cell adhesion molecule-1/ CD31-immunoreactive endothelial junctions of the inflamed microvascular endothelium ( Figure 4A ; Video I in the onlineonly Data Supplement), whereas the rolling paths of neutrophils were less defined (Video II in the online-only Data Supplement). Interestingly, the intravascular rolling paths of monocytes on microvascular endothelial cells were significantly shortened on blockade of E-selectin/CD62E and no longer restricted to endothelial junctions, whereas the rolling paths of neutrophils remained unaltered (data not shown). In contrast, both inflammatory monocytes and neutrophils were observed to firmly adhere ( Figure 4B ) and to intraluminally crawl predominantly along junctions of inflamed endothelial cells ( Figure 4C ). In this context, the majority of firmly adherent monocytes and-to a lesser degree-neutrophils were found to adhere to tricellular junctions of endothelial cells ( Figure 4B ).
Role of Selectins and Their Interaction Partners PSGL-1/CD162 and CD44 for CCL2-Elicited Intravascular Rolling and Firm Adherence of Neutrophils and Inflammatory Monocytes
In a next set of experiments, the role of selectins and their ligands PSGL-1/CD162 and CD44 for intravascular interactions of neutrophils and monocytes with endothelial cells was studied. After 6 hours of intrascrotal stimulation with CCL2, baseline measurements of leukocyte rolling and firm adherence were performed in postcapillary venules of the cremaster muscle of CX 3 CR-1 GFP+/− mice. No significant differences in numbers of intravascularly rolling or firmly adherent neutrophils and resident/inflammatory monocytes were detected among all experimental groups (Figures 5A and 6A) . To directly assess the functional relevance of selectins and their interaction partners PSGL-1/CD162 or CD44 for CCL2-elicited leukocyte responses, blocking antibodies directed against these proteins were subsequently administered and the in vivo microscopy measurements were repeated 5 and 45 minutes later. Antibody blockade of P-selectin/CD62P completely abolished the flux of rolling neutrophils and monocytes. Whereas antibody blockade of L-selectin/CD62L only slightly diminished the flux of rolling inflammatory monocytes and neutrophils, the rolling velocity of these immune cells was not significantly altered. Conversely, blockade of E-selectin/CD62E did not change the flux of rolling leukocytes but selectively enhanced the rolling velocity of inflammatory monocytes without affecting the rolling velocity of neutrophils ( Figure 5A and 5B; Figure III in the online-only Data Supplement). In contrast, antibody blockade of PSGL-1/CD162 or CD44 significantly reduced the flux of rolling neutrophils and inflammatory monocytes and increased the rolling velocity of inflammatory monocytes ( Figure 6A and 6B) . It is noteworthy that blockade of selectins or their interaction partners PSGL-1/CD162 and CD44 did not significantly alter the intravascular adherence of inflammatory monocytes, whereas only blockade of P-selectin/CD62P significantly diminished the intravascular adherence of neutrophils ( Figures 5C and 6C ).
Role of E-Selectin and P-Selectin for Intravascular Rolling and Firm Adherence of Neutrophils and Inflammatory Monocytes in TNF-α-Stimulated Postcapillary Venules
To confirm our results on the role of E-selectin/CD62E and P-selectin/CD62P for intravascular rolling and firm adherence of neutrophils under different inflammatory conditions, Using confocal microscopy, the expression patterns of Eand P-selectin were determined in postcapillary venules of the cremaster muscle stimulated with TNF-α ( Figure VIA in the online-only Data Supplement). Similarly to our previous findings, expression of E-selectin/CD62E was localized to endothelial junctions, whereas P-selectin/CD62P was broadly distributed over the entire endothelial cell surface. In contrast, 6 hours of stimulation with TNF-α resulted only in a rather weak elevation in the surface expression of E-and P-selectin when compared with CCL2 ( Figure VIA in the online-only Data Supplement).
Role of Selectins and Their Interaction Partners PSGL-1/CD162 and CD44 for CCL2-Elicited Intravascular Crawling of Neutrophils and Inflammatory Monocytes
Finally, the role of selectins and their interaction partners PSGL-1/CD162 and CD44 for intraluminal crawling of neutrophils and inflammatory monocytes was analyzed ( Figure  VIIA in the online-only Data Supplement). On stimulation with CCL2, many neutrophils, as well as resident and inflammatory monocytes, were observed to crawl in the inflamed cremasteric microvasculature. Whereas blockade of E-selectin/CD62E, P-selectin/CD62P, L-selectin/CD62L, PSGL-1/CD162, or CD44 did not significantly alter the frequency of intraluminally crawling neutrophils, blockade of P-selectin/CD62P largely changed the crawling directionality of these immune cells ( Figure VIIB in the online-only Data Supplement). In contrast, blockade of L-selectin/CD62L or PSGL-1/CD162 significantly diminished the frequency of intraluminally crawling inflammatory monocytes, whereas blockade of P-selectin/CD62P significantly altered the crawling directionality of these inflammatory cells. The crawling velocity of inflammatory monocytes or neutrophils was significantly diminished on blockade of PSGL-1/CD162, whereas blockade of CD44 only reduced the crawling velocity of inflammatory monocytes.
Systemic Leukocyte Counts and Microhemodynamic Parameters
To assure intergroup comparability, systemic leukocyte counts and microhemodynamic parameters of analyzed venules, including inner vessel diameter, blood flow velocity, and shear rate, were determined in each experiment. No significant differences were detected among experimental groups ( Table I in 
Discussion
Leukocyte recruitment from the microvasculature to the site of injury or infection is a key event in the inflammatory response. Whereas the basic principles of this process have been characterized in the past decades, 2-6 the mechanisms regulating the extravasation of distinct leukocyte subpopulations remain poorly understood. Initial in vitro studies suggested that the recruitment of distinct leukocyte subsets is mediated by specific classes of chemokines. 7, 8 Results of recent in vivo studies, however, point to a more complex regulation of the recruitment process of specific leukocyte subpopulations. [9] [10] [11] [12] [13] [14] Selectins represent a family of 3 closely related carbohydrate-binding proteins that have been implicated in the initial attachment of leukocytes to the inflamed endothelium and in the subsequent activation of these immune cells. 14 We therefore hypothesized that these adhesion and signaling molecules are critical for the initiation of subtype-specific leukocyte responses.
In a first attempt, we sought to characterize the expression profiles of selectins and their principal interaction partners on the surface of different myeloid leukocyte subpopulations and on microvascular endothelial cells. We found that levels of constitutively expressed L-selectin/CD62L (which is the only leukocyte selectin) were higher on the surface of neutrophils than on inflammatory or resident monocytes, whereas surface expression of CD44 (which serves as a interaction partner of endothelially expressed E-selectin/CD62E 18 ) and PSGL-1/CD162 (which predominantly binds to P-selectin/ CD62P 19 ) was more pronounced on inflammatory monocytes than on neutrophils or resident monocytes. In accordance with previous reports, 20 endothelial E-selectin/CD62E was mainly synthesized de novo on onset of inflammation, whereas P-selectin/CD62P (which is immediately translocated from intracellular Weibel-Palade bodies to the endothelial cell surface on cell activation 21, 22 ) was preformed in microvascular endothelial cells. Interestingly, luminal expression of E-selectin/CD62E was strictly localized to endothelial junctions, whereas weakly expressed endothelial PSGL-1/CD162 and CD44 (which serve as interaction partners of leukocyte L-selectin/CD62L 23 ), as well as strongly expressed P-selectin/ CD62P, were broadly distributed over the entire luminal surface of inflamed endothelial cells.
Translating the individual expression profiles of these adhesion and signaling molecules into function, we demonstrate that surface translocated P-selectin/CD62P and-to a lesser degree-constitutively expressed L-selectin/CD62L together with their principal interaction partners PSGL-1/CD162 and CD44 initiate the migration of neutrophils to the site of inflammation, whereas de novo synthesis of E-selectin/CD62E launches the delayed secondary extravasation of inflammatory monocytes. Accordingly, low expression of E-selectin/ CD62E on microvascular endothelial cells (as observed on stimulation with TNF-α) was not sufficient for the induction of extravasation of inflammatory monocytes. This selective effect of E-selectin/CD62E on the recruitment of inflammatory monocytes might be related to the different expression levels of the E-selectin/CD62E ligand CD44 on the surface of inflammatory monocytes and neutrophils. Furthermore, we found that the early extravasation of neutrophils and inflammatory monocytes is not dependent on the presence of platelets, indicating that endothelial, but not platelet, P-selectin/ CD62P mediates these events.
Recently, secretion products of emigrated neutrophils have been implicated in the extravasation of inflammatory monocytes to the perivascular tissue in prolonged or chronic inflammatory scenarios. 1, 24, 25 In acute inflammation, however, neutrophils did not contribute to the recruitment of inflammatory monocytes pointing to an individual regulation of the extravasation process of neutrophils and monocytes by selectins and their interaction partners PSGL-1/CD162 or CD44. In summary, our experimental findings clearly demonstrate that the complex spatiotemporal expression dynamics of selectins govern the sequential extravasation of neutrophils and inflammatory monocytes in the acute inflammatory response.
Taking a closer look at the extravasation modes of the different myeloid leukocyte subsets, we sought to explore which sites neutrophils and inflammatory monocytes use for their initial interactions with inflamed endothelial cells. Here, we report for the first time that different immune cell populations use individual paths while rolling in the inflamed microvasculature: in accordance with our previous findings, we show that inflammatory monocytes establish their initial interactions with the inflamed endothelium of postcapillary venules almost exclusively along endothelial junctions, where E-selectin/CD62E is highly expressed. Consistent with a less restricted expression pattern of P-selectin/CD62P, PSGL-1/ CD162, and CD44 on the surface of inflamed microvascular endothelial cells, however, the rolling routes of neutrophils were less defined. It is noteworthy that the subsequent adhesion sites and crawling routes of neutrophils and inflammatory monocytes were predominantly localized along endothelial junctions of the inflamed vessel wall strongly suggesting that these myeloid leukocyte subsets finally pass the endothelial cell layer via common paths by using the paracellular transmigration route. Consequently, this selectin-dependent spatial differentiation of the initial endothelial cell interactions of neutrophils and monocytes coordinates the intraluminal trafficking of these immune cells to endothelial junctions and might thereby enhance the efficacy of the sequential extravasation of these myeloid leukocyte subsets.
Toward a more comprehensive understanding of the recruitment of neutrophils and inflammatory monocytes, we analyzed how selectins and their principal interaction partners are engaged in the different steps of the extravasation cascade of these immune cells. To avoid distraction by cumulative effects arising from a priori blockade of a defined protein in the course of the inflammatory response, we administered blocking antibodies directed against the different target proteins after (and not before) the onset of inflammation and immediately performed in vivo microscopy in the inflamed microvasculature. This unique approach allowed us to characterize the function of selectins and their interaction partners in the extravasation process of leukocytes in previously unknown detail. Our experimental data reveal that P-selectin/CD62P and-to a lesser degree-L-selectin/CD62L together with their interaction partners PSGL-1/CD162 and CD44 regulate the flux of rolling neutrophils and inflammatory monocytes, whereas E-selectin/CD62E exclusively adjusts the rolling velocity (which is a prerequisite for the subsequent adhesion and transmigration) of inflammatory monocytes. Moreover, we found that particularly the lectin and epidermal growth factor-like domains and-to a lesser degree-the consensus repeat region of E-selectin/CD62E are critical for these processes. These findings extend in vitro and ex vivo data implicating L-selectin/CD62L, [26] [27] [28] E-selectin/CD62E, 27, 29, 30 or P-selectin/CD62P, 27, 31, 32 as well as their binding partner PSGL-1/CD162, 27, 31, 33 in temporary interactions of monocytic cells/monocytes or neutrophils with activated endothelial cells. Furthermore, our results elucidate conventional in vivo microscopy observations involving adhesive interactions among L-selectin/CD62L, [34] [35] [36] [37] P-selectin/CD62P, 38 or E-selectin/CD62E 39, 40 and their binding partners PSGL-1/ CD162 36, 41 or CD44 42 in the control of intravascular leukocyte-endothelial cell interactions.
In addition to their adhesive properties, selectins and their interaction partners PSGL-1/CD162 and CD44 14 are well known to initiate intracellular signaling events in rolling leukocytes, which ultimately result in conformational changes of surface-expressed integrins. Here, we demonstrate that P-selectin/CD62P (but not L-selectin/CD62L, E-selectin/ CD62E, PSGL-1/CD162, or CD44) exhibits slight effects on intravascular firm adherence of neutrophils, which is known to strictly rely on tight interactions between leukocyte β2 integrins and endothelial members of the immunoglobulin superfamily (eg, CD54/intercellular adhesion molecule 1). [2] [3] [4] [5] [6] Because the attenuation of neutrophil intravascular adherence appeared rather delayed on blockade of P-selectin/CD62P, however, it cannot be excluded that this effect simply reflects the consequences of inhibiting preceding P-selectin/CD62Pdependent steps in the extravasation cascade of these inflammatory cells. In contrast, we show that P-selectin/CD62P profoundly regulates the crawling direction of neutrophils and inflammatory monocytes on the inflamed endothelium-a process that requires less-static interactions among β2 integrins and endothelial members of the immunoglobulin superfamily. [2] [3] [4] [5] [6] These findings might be explained by previous observations demonstrating that interactions of endothelial P-selectin/CD62P with its binding partners on the surface of rolling leukocytes induce the extended, but not the high affinity, conformation of the leukocyte β2 integrin lymphocyte function-associated antigen 1/CD11a. 43 In this context, we further report that leukocyte L-selectin/CD62L together with its interaction partner CD44 controls the frequency of intraluminally crawling inflammatory monocytes, whereas CD44 or PSGL-1/CD162 adjusts the crawling velocity of neutrophils and inflammatory monocytes. In line with these results also L-selectin/CD62L, 44 PSGL-1/CD162, 44 and CD44 45 have recently been identified as signaling molecules that initiate conformational changes of integrins and-according to our findings-promote intravascular crawling of leukocytes to the site of emigration.
In conclusion, our experimental data demonstrate that the complex spatiotemporal expression dynamics of selectins determine the sequential extravasation of neutrophils and inflammatory monocytes in the acute inflammatory response. Whereas endothelial surface translocated P-selectin/CD62P and constitutively expressed leukocyte L-selectin/CD62L together with their interaction partners PSGL-1/CD162 and CD44 induce the migration of neutrophils to the site of inflammation, de novo synthesis of endothelial E-selectin/CD62E initiates the secondary extravasation of inflammatory monocytes. Coordinating the intraluminal trafficking of neutrophils and inflammatory monocytes to common sites of emigration, selectins assign different sites to these immune cells for their initial interactions with the inflamed endothelium. In this context, P-and L-selectin/CD62L together with PSGL-1/ CD162 and CD44 control the flux of rolling neutrophils and monocytes, whereas E-selectin/CD62E exclusively adjusts the rolling velocity of inflammatory monocytes. Moreover, selectins and their interaction partners PSGL-1/CD162 and CD44 participate in the control of the intraluminal crawling behavior of neutrophils and inflammatory monocytes collectively enabling the sequential extravasation of these immune cells to the inflamed tissue. Our experimental data provide novel insights into the mechanisms underlying the recruitment process of different myeloid leukocyte subsets uncovering previously unappreciated functions of selectins in the extravasation cascade of these immune cells ( Figure VIII in the online-only Data Supplement). From a translational point of view, these findings might contribute to the development of targeted therapeutic strategies for the prevention and treatment of cardiovascular pathologies.
Leukocyte recruitment to the site of inflammation is a key event in the pathogenesis of various cardiovascular pathologies. Infiltrating neutrophils constitute the first line of defense, which precedes a second wave of emigrating monocytes reinforcing the inflammatory reaction. Here, we demonstrate that selectins-a family of 3 closely related carbohydrate-binding proteins-assign different sites to neutrophils and inflammatory monocytes for their initial interactions with the microvascular endothelium, thereby coordinating the intraluminal trafficking of these immune cells to common sites of extravasation. Whereas constitutively expressed leukocyte L-selectin/CD62L and endothelial Pselectin/CD62P together with CD44 and P-selectin glycoprotein ligand-1/CD162 initiate the emigration of neutrophils, de novo synthesis of endothelial E-selectin/CD62E launches the delayed secondary recruitment of inflammatory monocytes. Our findings provide novel insights into the mechanisms initiating the sequential infiltration of the perivascular tissue by neutrophils and monocytes and might thereby contribute to the development of targeted therapeutic strategies for prevention and treatment of cardiovascular pathologies.
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